CONNECTOR CHIP AND MANUFACTURING METHOD THREOF 



TECHNICAL FIELD 

The present invention relates to a connector chip for 
electrically connecting corresponding electrodes among a 
plurality of electrodes on two circuit substrates 
respectively, and a manufacturing method thereof. 

BACKGROUND ART 

Japanese Patent Application Laid-Open Publication No. 
2000-77556 illustrates an embodiment in which a plurality 
of electrodes formed on a surface of a first circuit 
substrate and a plurality of electrodes on a second circuit 
substrate arranged in a semiconductor device are connected 
using a connector chip constituted by a plurality of 
spherical balls ( BGA ball). At least surfaces of the BGA 
balls have conductivity, and the BGA balls are respectively 
fixed to the electrodes of the second circuit substrates 
arranged in the semiconductor device. Then, the 

semiconductor device including the BGA balls is arranged 
at a predetermined location on the first circuit substrate, 
and the BGA balls are soldered to the corresponding 
electrodes on the first circuit substrate, respectively. 
The BGA balls are spherical. Accordingly, when soldering 
is performed, solder gets into a gap between the spherical 
surface of each BGA ball and a flat surface of a 
corresponding one of the electrodes to a satisfactory 
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extent. For this reason, formation of a fillet due to 
extrusion of the solder from the gap can be prevented. As 
a result, electrical shorting between the adjoining 
electrodes among the electrodes caused by soldering can 
be prevented. 

Patent Document 1: Japanese Patent Application Laid-Open 
Publication No. 2000-77556 

DISCLOSURE OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

Since the BGA balls are spherical, they tend to roll. 
It is difficult to handle them. Further, in order to mount 
the BGA balls onto the semiconductor device or the like, 
a dedicated mounting device is necessary. 

Accordingly, an object of the present invention is 
to provide a connector chip which is capable of preventing 
electrical shorting between adjoining electrodes and is 
also capable of readily connecting a plurality of 
electrodes on a first circuit substrate and a plurality 
of electrodes on a second circuit substrate without using 
a dedicated mounting device, and a manufacturing method 
thereof . 

Another object of the present invention is to provide 
a connector chip capable of connecting a plurality of 
electrodes on a first circuit substrate and a plurality 
of electrodes on a second circuit substrate using just one 
connector chip or a small number of connector chips, and 
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a manufacturing method thereof. 



MEANS FOR SOLVING THE PROBLEM 



A connector chip of the present invention 
comprises a rectangular parallelepiped insulating 
substrate having six surfaces, and a conductive path 
continuously formed on four continuous surfaces of the six 
surfaces. No conductive paths are formed on remaining two 
opposing surfaces of the six surfaces. With the two 
surfaces with no conductor paths formed thereon being 
opposing to the adjoining connector chips, a pair of the 
opposing surfaces with the conductor paths formed thereon 
are soldered to electrodes on a first circuit substrate 
and electrodes on a second circuit substrate, respectively. 
Thus, the electrodes on the first circuit substrate and 
the electrodes on the second circuit substrate are 
connected. Since the connector chip of the present 
invention has a rectangular parallelepiped shape, the 
connector chips do not roll unlike the conventional ones. 
For this reason, the electrodes on the first circuit 
substrate and the electrodes on the second circuit 
substrate can be readily connected without using a 
dedicated mounting device or the like. Further, since it 
is difficult to attach solder to the two surfaces of the 
connector chips where no conducting paths are formed, it 
is possible to prevent running of the solder along the 
mutually opposing surfaces of the adjoining connector 
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chips. For this reason, electrical shorting caused by 
soldering between the adjoining electrodes among the 
electrodes can be prevented. 

In a circuit device that uses connector chips of the 
present invention, a plurality of electrodes formed on a 
front surface of a first circuit substrate and a plurality 
of electrodes formed on a rear surface or underside of a 
second circuit substrate arranged above the first circuit 
substrate with a predetermined gap provided therebetween 
are electrically connected by a plurality of connector 
chips including conductive paths. The conductive paths 
and the electrodes are connected by soldering, and the gap 
is maintained by the connector chips. Each of the 
connector chips comprises a rectangular parallelepiped 
insulating substrate having six surfaces, and the 
conductive path that is continuously formed on four 
continuous surfaces of the six surfaces. No conductive 
paths are formed on remaining two opposing surfaces of the 
six surfaces. Incidentally, the first and second circuit 
substrates herein may be the discrete circuit substrates 
or the circuit substrates each mounted onto an electronic 
component or the like. As described before, the connector 
chip of the present invention can be readily mounted 
without using the dedicated mounting device or the like. 
Accordingly, the circuit device that uses the connector 
chips of the present invention can be manufactured readily 
and at low cost. 
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However, since the connector chip as described above 
connects one of the electrodes on the first circuit 
substrate and one of the electrodes on the second circuit 
substrate, a lot of the connector chips must be used for 
connection. Another connector chip of the present 
invention comprises a rectangular parallelepiped 
insulating substrate having six surfaces, and a plurality 
of conductive paths formed on an outer peripheral surface, 
which is constituted by four continuous surfaces of the 
six surfaces, at a predetermined interval in an opposing 
direction of remaining two opposing surfaces of the six 
surface- The plurality of conductive paths run round on 
the outer peripheral surface. In the so-called connector 
chip having multiple connections as described above, the 
conductive paths are formed on one connector chip. 
Accordingly, connection between the electrodes on the 
first circuit substrate and the electrodes on the second 
circuit substrate can be made, using one connector chip 
or a small number of the connector chips. For this reason, 
the connection can be performed at low cost. 

It is preferable that, on at least a pair of the 
surfaces opposing to each other among the four surfaces, 
insulating layers having a property of repelling molten 
solder are formed respectively between portions of two 
adjoining conductive paths among the plurality conductive 
paths, located on the pair of the surfaces. With this 
arrangement, when the conductor paths are soldered to the 
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electrodes respectively, running of the solder extruded 
from between the conductive paths and the electrodes along 
surfaces between the portions of each two adjoining paths 
of the conductive paths on the insulating substrate can 
be prevented by the insulating layers. For this reason, 
it is possible to prevent electrical shorting from 
occurring between the two adjoining electrodes. 

Preferably, the insulating layers formed on one of 
the pair of the surfaces and the insulating layers on the 
other of the pair of the surfaces have different colors. 
With this arrangement, when the connector chip is arranged 
on the circuit substrate, a front and a back of the arranged 
connector chip can be discriminated as necessary. . 

It is preferable that, in the insulating substrate, 
a plurality of conductive -path- formed portions where the 
conductive paths are formed and a plurality of 
conductive-path-unformed portions where the conductive 
paths are not formed are alternately arranged along a 
center line so that the conductive-path-formed portions 
and the conductive-path-unformed portions share the center 
line, and that a width of each of the 
conductive-path-formed portions orthogonal to the center 
line is smaller than a width of each of the 
conductive-path-unformed portions orthogonal to the 
center line. With this arrangement, portions of each 
conductive path on one of the pairs of the opposing surfaces 
among the continuous four surfaces of the insulating 
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substrate are exposed on the surfaces of the insulating 
substrate, and portions of each conductive path on the 
other of the pairs of the opposing surfaces are formed 
within depressed portions bordered by the 
conductive -path -unformed portions . For this reason , when 
the portions of each conductive path on the one of the pairs 
of the opposing surfaces are connected to the electrodes 
on the first and second circuit substrates respectively, 
the solder that has been extruded from between the 
conductive paths and the electrodes on the first circuit 
substrate, and from between the conductive paths and the 
electrodes on the second circuit substrate gets into the 
depressed portions bordered by the 

conductive -path -unformed portions , at a time of soldering . 
For this reason, it is possible to prevent electrical 
shorting caused by the solder extruded as described above. 

Alternatively, the width of each of the 
conductive-path-formed portions orthogonal to the center 
line may also be formed to be larger than the width of each 
of the conductive-path-unformed portions orthogonal to the 
center line. With this arrangement, the depressed 
portions are formed between the adjoining conductive paths. 
For this reason, when the connector chip is arranged so 
that opening portions of the depressed portions are opposed 
to the first and second circuit substrates respectively, 
and when the conductive paths are connected to the 
electrodes on the first circuit substrate and the 
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electrodes on the second circuit substrate respectively, 
the solder that has been extruded from between the 
conductive paths and the electrodes on the first circuit 
substrate and from between the conductive paths and the 
electrodes on the second circuit substrate gets into the 
depressed portions at a time of soldering. For this reason, 
it is possible to prevent electrical shorting caused by 
the solder extruded as described above. Each of the 
conductive paths may be constituted by one single layer. 
The conductive path may also be constituted by forming one 
or more plated layers over a base layer made of a metal 
thick film or a metal thin film. With this arrangement, 
, by selecting a material for the plated layer appropriately, 
corrosion resistance and solderability of the conductive 
path can be improved. 

The base layer may be constituted by a metal thick 
film of silver (Ag) or copper (Cu), or a metal thin film 
of a nickel (Ni) -chromium (Cr) alloy or copper (Cu) . Then, 
the one or more plated layers may be constituted by a first 
plated layer made of copper (Cu) or nickel (Ni) and a second 
plated layer made of a tin ( Sn ) alloy or tin (Sn), formed 
over the first plated layer. With this arrangement, the 
corrosion resistance can be improved by the first plated 
layer, and the solderability can be improved by the second 
plated layer. Since the second plated layer is formed of 
the tin alloy or tin in particular, the solder free of lead 
can be employed. Environmental pollution caused by lead 
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can thus be prevented. 

The connector chip, in which the width of each of the 
conductive-path-formed portions orthogonal to the center 
line is smaller than the width of each of the 
conductive-path-unformed portions orthogonal to the 
center line, can be manufactured as follows: first, a 
plate-like insulating substrate material with a plurality 
of through hole rows arranged therein is prepared. Each 
of the through hole rows includes through holes arranged 
at a constant interval. Next, a plurality of first base 
layers are formed on one side of the insulating substrate 
material, and a plurality of second base layers are formed 
on the other side of the insulating substrate material 
respectively. Each of the first and second base layers 
is formed between each two adjoining through hole rows. 
The first base layers and the second base layers are each 
formed of a metal thick film or a metal thin film. Then, 
insulating layers are formed between each two adjoining 
first base layers and between each two adjoining second 
base layers respectively. Then, third base layers are 
formed edge portions of the first base layers located on 
one side, internal surfaces of the through holes, and edge 
portions of the second base layers located on the one side, 
respectively, by metal vapor deposition of a metal. 
Fourth base layers are then formed over edge portions of 
the first base layers located on the other side, the 
internal surfaces of the through holes, and edge portions 



9 



of the second base layers located on the other side, 
respectively, by metal vapor deposition of a metal. Next, 
the insulating substrate material is cut along 
substantially the middle of each of the through hole rows, 
and then one or more plated layers are formed over the first 
to fourth base layers. When the connector chip is 
manufactured as described above, the insulating substrate 
material is cut along substantially the middle of each of 
the through hole rows. The through holes are thereby 
divided into a plurality of depressed portions. For this 
reason, the connector chip with the depressed portions 
formed therein can be readily mass-produced. Such cutting 
can be performed by forming grooves constituted by braking 
slits along substantially the middle of each through hole 
row, for example, and cutting along these breaking slits. 

When the breaking slits are formed in only one side 
of the insulating substrate material, it is preferable that 
the insulating layers formed on one side of the insulating 
substrate material and the insulating layers formed on the 
other side of the insulating substrate material are made 
of different colors. With this arrangement, the side with 
the breaking slits formed therein can be readily determined 
according to the colors of the insulating layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a connector chip 
according to a first embodiment of the present invention. 
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Fig. 2 is a schematic diagram showing a section taken 
along a line II - II in Fig. 1. 

Fig. 3 is a partial view of a circuit device that uses 
the connector chip shown in Fig. 1, as viewed from a front 
thereof . 

Fig. 4A is a diagram used for explaining a 
manufacturing method of the connector chip shown in Fig. 
1 . 

Fig. 4B is a diagram used for explaining the 
manufacturing method of the connector chip shown in Fig. 
1 . 

Fig. 4C is a diagram used for explaining the 
manufacturing method of the connector chip shown in Fig. 
1 . 

Fig. 4D is a diagram used for explaining the 
manufacturing method of the connector chip shown in Fig. 
1 . 

Fig. 4E is a diagram used for explaining the 
manufacturing method of the connector chip shown in Fig. 
1 . 

Fig. 5 is a perspective view of a connector chip 
according to a second embodiment of the present invention. 

Fig. 6 is a perspective view of a connector chip 
according to a third embodiment of the present invention. 

Fig. 7 is a perspective view of a connector chip 
according to a fourth embodiment of the present invention. 

Fig. 8 is a partial view of a circuit device that uses 
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the connector chip shown in Fig. 7, as viewed from a front 
thereof . 

BEST MODE FOR CARRYING OUT THE INVENTION 

A best mode for carrying out the present invention 
will be described below in detail with reference to the 
accompanying drawings. Fig. 1 is a perspective view of 
a connector chip according to a first embodiment of the 
present invention. Fig. 2 is a schematic diagram showing 
a section taken along a line II-II in Fig. 1. As shown 
in both of the drawings, a connector chip 1 in this 
embodiment is constituted by forming six conductive paths 
5 and 14 insulating layers J on a surface of an insulating 
substrate 3. The insulating substrate 3 is formed of 
ceramics including alumina of 96 % (percent) by weight, 
and has a cross - sectional surface of a rectangular 
elongated shape, which expands with a center line C taken 
as a center thereof. With this arrangement, the 
insulating substrate 3 roughly has first to sixth surfaces 
9A to 9F. In each of the third and fourth surfaces 9C and 
9D of the insulating substrate 3 that are opposing to each 
other, six groove-like depressed portions 11 each with a 
U-shaped cross - sect ional surface are formed side by side 
at a predetermined interval. The six depressed portions 
11 formed in both sides of the insulating substrate 3 are 
located in positions opposing to each other on the both 
sides. For this reason, in this embodiment, the third 
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and fourth surfaces 9C and 9D both have an indented surface 
or surface having raised and depressed portions. 

The six conductive paths 5 are respectively formed 
on an outer periphery surface constituted by the continuous 
four surfaces of the first surface 9A, second surface 9B, 
third surface 9C, and fourth surface 9D at an predetermined 
interval in a direction in which the remaining two surfaces, 
the fifth and sixth surfaces 9E and 9F are opposing to each 
other, so that the conductive paths 5 respectively go 
around the outer periphery surface at locations where the 
depressed portions 11 have been formed. In other words, 
in the insulating substrate 3, a plurality of 
conductive-path-formed portions 3A with the conductive 
paths 5 formed thereon and a plurality of 
conductive-path-unformed portions 3B with no conductive 
paths 5 formed thereon are alternately arranged side by 
side along the center line C so that the 
conductive-path-formed portions 3A and the 

conductive-path-unformed portions 3B share the center line 
C. The width of each conduct ive-path- formed portion 3A 
orthogonal to the center line C (a dimension in a direction 
indicated by an arrow A) is formed to be smaller than the 
width of each conductive-path-unformed portion 3B 
orthogonal to the center line C. As shown in Fig. 2, each 
conductive path 5 is constituted by a base layer 13, a first 
plated layer 15A formed over the base layer 13, and a second 
plated layer 15B formed over the first plated layer 15A. 
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The base layer 13 includes a first base layer 13A formed 
on the first surface 9A, a second base layer 13B formed 
on the second surface 9B, a third base layer 13C formed 
on the third surface 9C to cover edge portions, located 
on one side, of the first base layer 13A and the second 
base layer 13B, and a fourth base layer 13D formed on the 
fourth surface 9D to cover the edge portions, located on 
the other side, of the first base layer 13A and the second 
base layer 13B. In this embodiment, the first base layer 
13A and the second base layer 13B are each formed of a metal 
thick film using a glass-silver (Ag) paste, and the third 
base layer 13C and the fourth base layer 13D are each formed 
of a metal thin film of a nickel (Ni) -chromium (Cr) alloy 
or copper (Cu). Then, the first plated layer 15A is formed 
of copper (Cu) or nickel (Ni), and the second plated layer 
15B is formed of a tin (Sn) alloy or tin (Sn). With this 
arrangement, the conductive path 5 includes a first 
conductive portion 5A formed on the first surface 9A, a 
second conductive portion 5B formed on the second surface 
9B, a third conductive portion 5C formed on the third 
surface 9C, and a fourth conductive portion 5D formed on 
the fourth surface 9D. 

Each insulating layer 7 is formed of a material having 
a property of repelling molten solder. In this embodiment, 
the insulating layer 7 is formed of an epoxy resin or glass. 
Seven of these insulating layers 7 are formed on the first 
surface 9A and the second surface 9B of the 
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conductive-path-unformed portions 3B of the insulating 
substrate 3, respectively. Referring to Fig. 1, though 
only the insulating layers 7 on the first surface 9A are 
shown, the insulating layers 7 are also formed on the second 
surface 9B, which is the surface at the back of the first 
surface 9A. The insulating layer 7 has a rectangular shape, 
and the width of the insulating layer 7 orthogonal to the 
center line C (a dimension in the direction indicated by 
the arrow A) is formed to be slightly smaller than the width 
of the first conductive portion 5A of the conductive path 
5. In this embodiment, the insulating layer 7 formed on 
the first surface 9A and the insulating layer 7 formed on 
the second surface 9B have different colors of black and 
white. Such coloring can be performed by adding a coloring 
matter to the epoxy resin or the glass that forms the 
insulating layer 7. 

Fig. 3 is a partial view of a circuit device that uses 
the connector chip 1 in this embodiment, as viewed from 
the front thereof. This circuit device is constituted by 
a first circuit substrate 21, a second circuit substrate 
23, and the connector chip 1. The first circuit substrate 
21 is constituted by forming a plurality of electrodes 25 
on a front surface of an insulating substrate 22. The 
second circuit substrate 23 is constituted by forming a 
plurality of electrodes 29 on a rear surface or an underside 
of an insulating substrate 27. Incidentally, the first 
and second circuit substrates 21 and 23 may be discrete 
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circuit substrates, or the circuit substrates each mounted 
onto an electronic component or the like. The electrodes 
25 on the first circuit substrate 21 and the electrodes 
29 on the second circuit substrate 23 are soldered to the 
second conductive portions 5B and the first conductive 
portions 5A of the conductive paths 5 of the connector chip 
1, respectively. With this arrangement, the electrodes 
25 and the electrodes 29 are electrically connected through 
the connector chip 1, and the electrodes 29 on the second 
circuit substrate 23 are arranged above the first circuit 
substrate 21 at a predetermined gap formed by the presence 
of the connector chip 1 . 

When the connector chip 1 in this embodiment is used, 
and when the conductive paths 5 are soldered to the 
electrodes 25 and 29, respectively, running of solder 
extruded from between the conductive paths 5 and the 
electrodes 25 and from between the conductive paths 5 and 
the electrodes 29 along surfaces (surfaces of the 
insulating layers 7) between portions of each two adjoining 
conductive paths 5 of the insulating substrate 3 can be 
prevented by the insulating layers 7. For this reason, 
it is possible to prevent electrical shorting from 
occurring between the two adjoining electrodes (25, 25 or 
29, 29). Part of the solder that has been extruded from 
between the conductive paths 5 and the electrodes 25 and 
from between the conductive paths 5 and the electrodes 29 
gets into the depressed portions 11. With this 
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arrangement as well, the electrical shorting caused by the 
solder can be prevented. 

Next, a method of manufacturing the connector chip 
1 in this embodiment will be described with reference to 
Figs. 4A to 4E . In order to facilitate understanding, 
portions that have been formed in respective steps of Figs. 
4A to 4E are displayed by dots. First, as shown in Fig. 
4A, a plate-like insulating substrate material 37 is 
prepared. In the insulating substrate material 37, a 
plurality of through hole rows 33, each of which has six 
through holes 31 formed side by side at a constant interval, 
have been formed. A plurality of cutting grooves 
(breaking slits) 35 have been formed along substantially 
the middle of each through hole row 33 on both sides of 
the insulating substrate material 37. Next, as shown in 
Fig. 4B, the glass-silver (Ag) paste is used between each 
two of the through holes 31 positioned in each adjoining 
two of the through hole rows 33 to form a plurality of the 
first base layers 13A and a plurality of the second base 
layers 13B each made of a metal thick film on both sides 
of the insulating substrate material 37, respectively. 
Since Figs . 4A to 4E are plan views all viewed from a surface 
side, only the first base layers 13A are drawn. However, 
the second base layers 13B are formed at the back of the 
first base layers 13A. Next, as shown in Fig. 4C, between 
each two adjoining two base layers 13A, 13A of the first 
base layer between each two adjoining base layers 13B, 13B 
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of the second base layer, the epoxy resin or the glass is 
applied, thereby forming the insulating layers 7, 
respectively- Next, as shown in Fig. 4D, over edge 
portions on one side of the first base layers 13A, internal 
surfaces of the through holes 31, and edge portions on the 
other side of the second base layers 13B, vapor deposition 
is carried out using a metal formed of the nickel (Ni) 
-chromium (Cr) alloy or copper (Cu), thereby forming the 
third base layers 13C, respectively. Over the edge 
portions on the other side of the first base layers 13A, 
the internal surfaces of the through holes 31, and the edge 
portions on the other side of the second base layers 13B, 
the vapor deposition is carried out using the metal formed 
of the nickel (Ni) -chromium (Cr) alloy or copper (Cu), 
thereby forming the fourth base layers 13D respectively. 
Then, along the breaking slits 35, the insulating substrate 
material 27 is cut. This causes the through holes 31 to 
be divided, thereby forming the depressed portions 11. 
Next, as shown in Fig. 4E, the first plated layer 15A made 
of copper (Cu) or nickel (Ni) is formed over the first to 
fourth base layers 13A to 13D, and then the second plated 
layer 15B made of the tin (Sn) alloy or tin (Sn) is formed 
over the first plated layer 15A, thereby completing the 
connector chip 1 . 

In a manufacturing example described above, when the 
insulating substrate material 37 was formed, the thorough 
hole rows 33 were formed together with molding of the 
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insulating substrate material. When the insulating 
substrate material is formed of a glass-epoxy resin, the 
through hole rows are formed by punching after the 
plate-like insulating substrate material is formed. Then, 
the breaking slits are formed on one side of the insulating 
substrate material. In this case, when the insulating 
layer 7 formed on the first surface 9A and the insulating 
layer 7 formed on the second surface 9B have different 
colors, the surface with the breaking slits formed therein 
can be readily discriminated by the colors of the 
insulating layers during manufacture of the connector 
chip . 

Fig. 5 is a perspective view of a connector chip 
according to a second embodiment of the present invention. 
A basic construction of the connector chip in this 
embodiment is different from that of the connector chip 
in the first embodiment shown in Figs. 1 to 4 in that the 
depressed portions are not formed in the insulating 
substrate. The connector chip in this embodiment has 
substantially the same construction as that of the 
connector chip in the first embodiment in other aspects. 
For this reason, reference numerals obtained by adding 100 
to the reference numerals assigned to the members in Figs. 
1 to 4 are assigned to the members that are the same as 
those of the connector chip in the first embodiment, 
thereby omitting a description thereof. A connector chip 
101 in this embodiment is constituted by forming six 
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conductive paths 105 and 14 insulating layers 107 on the 
surfaces of the insulating substrate 103. The insulating 
substrate 103 has a shape of a rectangular parallelepiped 
that extends with a center line CI taken as a center. With 
this arrangement, the insulating substrate 103 has first 
to sixth surfaces 109A to 109F. 

The six conductive paths 105 are formed on an outer 
periphery surface constituted by the continuous four 
surfaces of the first surface 109A, third surface 109C, 
second surface 109B, and fourth surface 109D in a direction 
in which the remaining two fifth and sixth surfaces 109E 
and 109F are opposing to each other at a predetermined 
interval so that each of the six conductive paths 105 goes 
around the outer periphery surface. In other words, the 
insulating substrate 103 is formed so that a plurality of 
conductive-path-formed portions 103 where the conductive 
paths 105 are formed and a plurality of 
conductive-path-unformed portions 103B where no 
conductive paths 105 are formed alternate along the center 
line CI so as to share the center line CI. Each conductive 
path 105 includes a first conductive portion 105A formed 
on the first surface 109A, a second conductive portion 105B 
formed on the second surface 109B, a third conductive 
portion 105C formed on the third surface 109C, and a fourth 
conductive portion 105D formed on the fourth surface 109D. 

Seven of the insulating layers 107 are formed on the 
first surfaces 109A and the second surfaces 109B of the 
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conductive-path-unformed portions 103B of the insulating 
substrate 103, respectively. Each insulating layer 107 
has a rectangular shape, and the width of the insulating 
layer 107 (a dimension in the direction of an arrow Al ) 
orthogonal to the center line CI is formed to be slightly 
smaller than the width of the first conductive portion 105A 
of the conductive path 105. 

As with the connector chip 1 in the first embodiment, 
in the connector chip 101 in this embodiment, the second 
conductive portions 105B and the first conductive portions 
105A are soldered to the electrodes of the first circuit 
substrate and the electrodes of the second circuit 
substrate , respectively . 

Fig. 6 is a perspective view of a connector chip 
according to a third embodiment of the present invention. 
A basic construction of the connector chip in this 
embodiment is different from that of the connector chip 
in the first embodiment shown in Figs. 1 to 4 in that 
conductive paths are formed on an insulating substrate with 
no depressed portions formed therein and no insulating 
layers are formed. In other aspects, the connector chip 
in this embodiment has substantially the same construction 
as the connector chip in the first embodiment. For this 
reason, reference numerals obtained by adding 200 to the 
reference numerals of the members shown in Figs . 1 to 4 
are assigned to the members that are the same as those in 
the connector chip in the first embodiment shown in Figs. 
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1 to 4, thereby omitting a description thereof. As shown 
in Fig. 6, a connector chip 201 in this embodiment is 
constituted by forming seven conductive paths 205 on a 
surface of an insulating substrate 203. The insulating 
substrate 203 has a cross - sect ional surface of a 
rectangular elongated shape, which expands with a center 
line C2 taken as a center thereof. With this arrangement, 
the insulating substrate 203 has roughly first to six 
surfaces 209A to 209F. In the first and second surfaces 
209A and 209B of the insulating substrate 203 that are 
opposing to each other, six groove-like depressed portions 
211 each having a U-shaped cross - sectional surface are 
formed side by side at a predetermined interval, 
respectively. The six depressed portions 211 formed on 
each side of the insulating substrate 203 are formed in 
mutually opposing positions. For this reason, in this 
embodiment, the first and second surfaces 209A and 209B 
each have a patterned indented surface or a surface having 
raised and depressed portions. 

The seven conductive paths 205 are formed on an outer 
periphery surface constituted by the continuous four 
surfaces of the first surface 209A, third surface 209C, 
second surface 209B, and fourth surface 209D at a 
predetermined interval, in a direction in which the 
remaining two surfaces of the fifth and sixth surfaces 209E 
and 209F are opposing to each other, so that the conductive 
paths 205 respectively go around the outer periphery 
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surface at locations where the depressed portions 211 are 
not formed. In other words, in the insulating substrate 
203, a plurality of conductive-path-formed portions 203A 
with the conductive paths 205 formed thereon and a 
plurality of nonconduct ive-path-unf ormed portions 203B 
with no conductive paths 205 formed thereon are alternately 
arranged side by side along the center line C2 so that the 
conductive-path-formed portions 203A and the 
conductive-path-unformed portions 203B share the center 
line C2 . The width of each conduct ive -path- formed portion 
203A orthogonal to the center line C2 (a dimension in the 
direction indicated by an arrow A2 ) is formed to be larger 
than the width of each conductive-path-unformed portion 
203B. Each conductive path 205 includes a first 
conductive portion 205A formed on the first surface 209A, 
a second conductive portion 205B formed on the second 
surface 209B, a third conductive portion 205C formed on 
the third surface 209C, and a fourth conductive portion 
205D formed on the fourth surface 209D. 

In the connector chip 201 in this embodiment, the 
connector chip is arranged so that opening portions of the 
depressed portions 211 formed in the first surfaces 209A 
and opening portions of the depressed portions 211 formed 
in the second surfaces 209B face the first circuit 
substrate and the second circuit substrate, respectively. 
Then, the electrodes of the first circuit substrate and 
the electrodes of the second circuit substrate are soldered 
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to the second conductive portions 205B and the first 
conductive portions 205A of the conductive paths 205 of 
the connector chip 201, respectively. When the conductive 
paths 205 are connected to the electrodes of the first and 
second circuit substrates, respectively, using the 
connector chip 201 in this embodiment, solder that has been 
extruded from between the conductive paths 205 and the 
electrodes on the first circuit substrate, and from between 
the conductive paths 205 and the electrodes on the second 
circuit substrate, gets into the depressed portions 211. 
For this reason, it is possible to prevent electrical 
shorting from occurring between the adjoining electrodes 
due to the solder extruded as described above. 

Fig. 7 is a perspective view of a connector chip 
according to a fourth embodiment of the present invention. 
As shown in Fig. 7, a connector chip 301 in this embodiment 
is constituted by forming a conductive path 305 on a surface 
of an insulating substrate 303. The insulating substrate 
303 has substantially a cubic shape. With this 
arrangement, the insulating substrate 303 includes first 
to six surfaces 309A to 309F. 

The conductive path 305 is continuously formed on an 
outer periphery surface constituted by four surfaces of 
first to fourth surfaces 309A to 309D. As in the connector 
chip in the first embodiment, this conductive path 305 is 
constituted by a base layer, a first plated layer formed 
over the base layer, and a second plated layer formed over 



24 



the first plated layer. The conductive path 305 includes 
a first conductive portion 305A formed on the first surface 
309A, a second conductive portion 305B formed on the second 
surface 309B, a third conductive portion 305C formed on 
the third surface 309C, and a fourth conductive portion 
305D formed on the fourth surface 309D. By formation of 
the conductive path 305 as described above, the conductive 
path 305 is not formed on the remaining two surfaces 309E 
and 309F that are opposing to each other. 

Fig. 8 is a partial diagrammatic view of a circuit 
device that uses the connector chip 301 in this embodiment, 
viewed from the front thereof. This circuit device is 
constituted by a first circuit substrate 321, a second 
circuit substrate 323, and a plurality of the connector 
chips 301. When the connector chips 301 in this embodiment 
are used, a lot of the connector chips 301 are used for 
connection of electrodes, being different from a case where 
the connector chip in the first, second, or third 
embodiment is used. The first circuit substrate 321 is 
constituted by forming a plurality of electrodes 325 on 
a surface of an insulating substrate 322. The second 
circuit substrate 323 is constituted by forming a plurality 
of electrodes 329 on an underside of an insulating 
substrate 327. The electrodes 325 on the first circuit 
substrate 321 and the electrodes 329 on the second circuit 
substrate 323 are soldered to the second conductive 
portions 305B and the first conductive portions 305A of 
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the conductive paths 305 of the connector chips 301, 
respectively. Each connector chip 301 is arranged so that 
the two surfaces 309E and 309F with no conductive paths 
305 formed thereon face the adjoining connector chips 301, 
respectively . 

In the connector chip 301 in this embodiment, it is 
difficult to attach solder to the two surfaces 309E and 
309F with no conductive path formed thereon. Accordingly, 
running of the solder along the mutually opposing surfaces 
of the adjoining connector chips 301 can be prevented. For 
this reason, it is possible to prevent electrical shorting 
between the adjoining electrodes 325 and electrical 
shorting between the adjoining electrodes 329, caused by 
soldering . 



INDUSTRIAL APPLICABILITY 

Since the connector chip of the present invention has 
a rectangular parallelepiped shape, the connector chip 
does not roll unlike the conventional connector chips. 
For this reason, the electrodes on the first circuit 
substrate and the electrodes on the second circuit 
substrate can be readily connected without using a 
dedicated mounting device or the like. Further, it is 
difficult to attach the solder to the two surfaces of the 
connector chip where no conductive paths are formed. Thus, 
running of the solder along the mutually opposing surfaces 
of the adjoining connector chips can be prevented. 
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Therefore, it is possible to prevent electrical shorting 
from occurring between the adjoining electrodes among the 
electrodes caused by soldering. 
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